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[57) ABSTRACT

This invention relates to the use of certain keto and
diketo acids, esters and salts that are derived from al-
dopentoses and aldohexoses, to maintain very high lev-
els of iron in solution under oil well acidizing condi-
tions. The compounds described herein chelate ferric
iron at low temperatures and are activated by heat to
reduce ferric iron to the more soluble ferrous species at
high temperatures. Because of these properties and their
extraordinarily high solubility in hydrochloric acid,

such compounds are capable of maintaining considera-
bly more iron in solution than competing materials.

34 Claims, No Drawings
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OIL WELL ACIDIZING WITH IRON CHELATING
DERIVATIVES OF ALDOHEXOQOSES AND
ALDOPENTOSES SUCH AS A SALT OR ACID OF
2-KETOGLUCONATE

BACKGROUND OF THE INVENTION

This invention relates to the use of certain keto and
~diketo acids, esters and salts that are derived from al-
dohexoses and aldopentoses, to maintain very high lev-
els of iron in solution under oil well acidizing condi-
tions. The compounds described herein chelate ferric
iron at low temperatures and are activated by heat to
reduce ferric iron to the more soluble ferrous species at
high temperatures. Because of these properties and their
extraordinarily high solubility in hydrochloric acid,
such compounds are capable of maintaining considera-
bly more iron in solution than competing materials.

When the formation around oil producing wells be-
come plugged with acid soluble minerals, the flow of
fluid through the oil bearing formation is reduced and
~ oil production falls. Wells can be stimulated to produce
at higher levels by forcing acid into the formation to
dissolve the minerals that are causing the problem. The
acid readily dissolves iron and iron containing com-
pounds both from the well casing and the formation. As
the acid is neutralized by water and carbonates in the
formation, iron will re-precipitate as ferric hydroxide
above a pH of 2.2 unless suitable chemicals are added to
maintain it in a soluble state.

Two approaches have been used to control reprecipi-
tation of iron as acid is spent and the pH rises, sequestra-
tion by organic chelants and reduction to the more
soluble ferrous ion. Commonly used organic chelants
include citric acid, gluconic acid, the tetrasodium salt of
ethylenediaminetetraacetic acid (EDTA), and the triso-
dium salt of nitrilotriacetic acid (NTA). Smith, et al.,
Secondary Deposition of Iron Compounds Following Acid-
izing Treatments, paper SPE (Society of Petroleum En-
gineers) 2358 presented at the SPE-AIME (American
Institute of Mining, Metallurgical and Petroleum Engi-
neers) Eastern Regional Meeting, Charleston, W. VA,
Nov. 7-8, 1.68), have discussed the relative merits of
each. Gluconic acid is ineffective at elevated tempera-
tures. Citric acid, is effective only at low temperatures.
Also, the formation of insoluble calcium citrate limits
the level at which it can be used. EDTA is effective at
high temperatures and is not prone to precipitation as
the calcium salt. However, it is of limited solubility in
hydrochloric and other acids. NTA is effective without
having the negative attributes of either EDTA or citric
acid. NTA, however, has been proven to cause cancers
in laboratory animals. (See Chemical Status Report
issued by the National Toxicology Program, Division
of Toxicology Research and Testing, Oct. &, 1991, p
25.)

While ferric iron will precipitate as the pH rises
above 2.2, ferrous iron remains soluble up to a pH of
about 7. Erythorbic acid and sodium erythorbate have
been used commercially to control the concentration of
dissolved iron in acidizing operations by reducing the
ferric iron to the more soluble ferrous species. Crowe et
al., in U.S. Pat. No. 4,574,050, argue that this approach
is effective in maintaining substantially more iron in
solution than can be maintained using the above-men-
tioned chelating agents.

An ideal additive for controlling the concentration of
dissolved itron under oil well acidizing conditions
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should have a high solubility in the acid employed in the

- acidizing process, prevent precipitation of high levels of

dissolved iron over a wide temperature range, and re-
main functional for several hours until the spent acid is
pumped out of the formation.

SUMMARY OF THE INVENTION

This invention relates to a method of preventing the
precipitation of an iron (II) salt or iron (III) salt from an
acid or acid solution, comprising dissolving in said acid
or acid solution a substance selected from the group
consisting of 2-keto acids, salts of a 2-keto acid, esters of
a 2-keto acid, 2,5-diketo acids, salts of a 2,5-diketo acid

-and esters of a 2,5-diketo acid, wherein said keto and

diketo acids, salts and esters are derived from an aldo-
hexose or an aldopentose.

This invention also relates to a method of acidizing an
oil well, comprising forcing (e.g. pumping or injecting)
into the oil well formation an acid or acid solution hav-
ing dissolved in it a substance selected from the group
consisting of 2-keto acids, salts of a 2-keto acid, esters of
a 2-keto acid, 2,5-diketo acids, salts of a 2,5-diketo acid
and esters of a 2,5-diketo acid, wherein said keto and
diketo acids, salts and esters are derived from an aldo-
hexose or an aldopentose. |

This invention also relates to a method of maintaining
the dissolution of an iron (II) salt or an iron (III) salt
under oil well acidizing conditions, comprising forcing
into an oil well formation an acid or acid solution hav-
ing dissolved in it a substance selected from the group
consisting of 2-keto acids, salts of a 2-keto acid, esters of
a 2-keto acid, 2,5-diketo acids, salts of a 2,5-diketo acid
and esters of a 2,5-diketo acid, wherein satd keto and
diketo acids, salts and esters are derived from an aldo-
hexose or an aldopentose.

This invention also relates to a method of chelating
ferric iron which is dissolved in an acid or acid solution
under oil well acidizing conditions, comprising dis-
solving in said acid or acid solution prior to forcing said
acid or acid solution into the oil well formation a sub-
stance selected from the group consisting of 2-keto
acids, salts of a 2-keto acid, esters of a 2-keto acid, 2,5-
diketo acids, salts of a 2,5-diketo acid and esters of a
2,5-diketo acid, wherein said keto and diketo acids, salts
and esters are derived from an aldohexose or an aldo-
pentose. |

This invention also relates to a method of reducing
ferric iron which is dissolved in an acid or acid solution
under oil well acidizing conditions, comprising dis-
solving in said acid or acid solution prior to forcing said
acid or acid solution into the oil well formation a sub-
stance selected from the group consisting of 2-keto
acids, salts of a 2-keto acid, esters of a 2-keto acid, 2,5-
diketo acids, salts of a 2,5-diketo acid and esters .of a
2.5-diketo acid, wherein said keto and diketo acids, salts
and esters are derived from an aldohexose or an aldo-
pentose.

A preferred embodiment of this invention relates to a
method of acidizing an oil well, comprising forcing into
the oil well formation an acid or acid solution having
dissolved in it a substance selected from the group con-
sisting of 2-keto acids, salts of a 2-keto acid, esters of a
2-keto acid, 2,5-diketo acids, of a 2,5-diketo acid and
esters of a 2,5-diketo acid, wherein said keto and diketo
acids, salts and esters are derived from an aldohexose or
an aldopentose, and wherein the o1l well acidizing tech-
nique employed is matrix acidizing.
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Another preferred embodiment of this invention re-
J]ates to a method of maintaining the dissolution of an
iron (II) salt or an iron (III) salt under o1l well acidizing
conditions, comprising forcing into an o1l well forma-
tion an acid or acid solution having dissolved in it a
substance selected from the group consisting of 2-keto
acids, salts of a 2-keto acid, esters of a 2-keto acid, 2,5-
diketo acids, salts of a 2,5-diketo acid and esters of a
2.5-diketo acid, wherein said keto and diketo acids, salts
and esters are derived from an aldohexose or an aldo-
pentose, and wherein the o1l well acidizing technique
employed is matrix acidizing.

Another preferred embodiment of this invention re-
lates to a method of reducing ferric iron which is dis-
solved in an acid or acid solution under oil well acidiz-
ing conditions, comprising dissolving in said acid or
acid solution prior to forcing said acid or acid solution
into the oil well formation a substance selected from the
group consisting of 2-keto acids, salts of a 2-keto acid,
esters of a 2-keto acid, 2,5-diketo acids, salts of a 2,5-
diketo acid and esters of a 2,5-diketo acid, wherein said
keto and diketo acids, salts and esters are derived from
an aldohexose or an aldopentose, and wherein the oil
well acidizing technique employed is matrix acidizing.

Another preferred embodiment of this invention re-
lates to a method of chelating fernic iron which is dis-
solved in an acid or acid solution under oil well acidiz-
- ing conditions, comprising dissolving in said acid or
acid solution prior to forcing said acid or acid solution
into the oil well formation a substance selected from the
group consisting of 2-keto acids, salts of a 2-keto acid,
esters of a 2-keto acid, 2,5-diketo acids, salts of a 2,5-
diketo acid and esters of a 2,5-diketo acid, wherein said
keto and diketo acids, salts and esters are derived from
an aldohexose or an aldopentose, and wherein the o1l
well acidizing technique employed is matrix acidizing.

Other preferred embodiments of the present inven-
tion are those methods described above wherein the
substance utilized is a compound or salt having the
formula CH;OH(CHOH),,COOR! or (CH;OHC(-
CHOH),,COO~-),R2, respectively, wherein m is 3 or 4,
nis 1 or 2, R!is selected from the group consisting of
hydrogen and (C;-Cg) alkyl, and R2is selected from the
group consisting of the aikali metal cations, the alkaline
earth metal cations and *NHR3IR%and R-are selected
from the group consisting of hydrogen and (C;-Ce)
alkyl, and wherein either one or two of the —CHOH—
group that comprises the (CHOH),, portion of the com-
pound or salt 1s replaced by a

O

I
—C-—-

group to form, respectively a 2-keto or 2,5-diketo acid,
ester or salt, with the proviso that n is 1 when RZis an
alkali metal cation or an ammonium cation and n 1s 2
when R2is an alkaline earth metal cation.

More preferred embodiments of the present invention
are the preferred methods referred to immediately
above, wherein the compound or salt that is dissolved in
the acid or acid solution is selected from the group
consisting of 2-ketogluconic acid and 2-ketogluconates.
Especially preferred are the same methods wherein the
compound or salt that is dissolved in the acid or acid
solution is sodium 2-ketogluconate, ammonium 2-keto-
gluconate or 2-ketogluconic acid.

Examples of other embodiments of the present inven-
tion are those methods described above wherein the
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compound or salt that is dissolved in the acid or acid
solution is 2,5-diketogulonic acid, 2-ketogulonic acid or
2,5-diketogluconic acid.

DETAILED DESCRIPTION OF THE
INVENTION

When the formation around oil producing wells be-
come plugged with acid soluble minerals, the flow of
fluid through the oil bearing formation 1s reduced and

oil production falls. Wells can be stimulated to produce
at higher levels by forcing acid into the formation to

dissolve the minerals that are causing the problem. The
acid readily dissolves iron and iron containing com-

"pounds both from the well casing and the formation.

Oil well acidizing is a term well-known to those
skilled in the art of petroleum engineering. It includes
such techniques or procedures as “acid washing”, “ma-
trix acidizing” and *“acid fracturing”, which are also
well known to those skilled in the art. A description of
these procedures and the conditions under which they
are carried out is provided by Bert B. Williams, John L.
Gidley and Robert S. Schechter in their book entitled
“Acidizing Fundamentals”, published by the Society of
Petroleum Engineers of AIME, New York, 1979,
which is incorporated herein by reference in its entirety.

Severa! of the preferred embodiments of this inven-
tion relate to methods that utilize a technique known as
matrix acidizing. Matrix acidizing refers to the injection
of acid into a formation porosity (intergrannular, vagu-
lar or fracture) at a pressure below that necessary to
open a fracture. (See Williams et al., chap. 2, p. 5.) The
purpose of matrix acidizing is to effect radial penetra-
tion of the acid into the formation to increase the per-
meability of the formation in a region of reduced perme-
ability near the wellbore (due to damage) by enlarging
pore spaces and dissolving particles clogging such
spaces. (See Williams et al., chap. 2, p. 5.) Because ma-
trix acidizing is done without fracturing the formation,
it is often used to avoid a shale break or other disruption
of a natural flow boundary that could result in the un-
wanted production of water or gas.

The specific oil well acidizing conditions employed
(e.g., the rate and pressure of injection and the composi-
tion, volume and concentration of the acid) will vary
depending on the temperature of the formation and the
structural characteristics of the well or field (e.g.,
depth, reservoir pressure, permeability, and the radii of
the wellbore and damage zone or region). The choice of
these conditions in a given situation will be obvious to
those skilled in the art of petroleum engineering. Wil-
liams et al., in chapters 9 and 10 of “Acidizing Funda-
mentals,” referred to above, describe how to design and
carry out appropriate matrix acidizing procedures for
sandstone and carbonate formations, respectively.

The acids and acid solutions contemplated for use in
connection with this invention are those that are gener-
ally used in oil well acidizing procedures. Such acids
and acid solutions include hydrochloric acid, hydroflu-
oric acid, organic acids formic, acetic and propionic
acids, and mixtures of two or more of the foregoing
acids. When aqueous hydrochloric acid is used, 1t 1s
generally used in a concentration of about 10% to about
30%.

The aldopentose and aldohexose derivatives contem-
plated for use in connection with this invention are
generally used in a concentrations ranging from about
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0.5% by weight of the acid solution in which they are
dissolved to their maximum solubility in such solution.

Most acidizing procedures generally take from about
2 to about 22 hours, and are conducted at temperatures
ranging from about 20° C. to about 130° C.

As indicated above, as the acid that is utilized in an
acidizing procedure is neutralized by carbonates in the
oil well formation, iron will re-precipitate as ferric hy-
droxide above a pH of 2.2 unless suitable chemicals are
added to maintain it in a soluble state. An ideal additive
for control of iron under oil well acidizing conditions
should have a high solubility in the acid or acid solution
employed in the acidizing process, prevent precipitation
of high levels of dissolved iron over a wide temperature
range, and remain functional for several hours until the
spent acid or acid solution is pumped out of the forma-
tion. As illustrated in Examples 1 to 6 below, the aldo-
hexose and aldopentose derivatives of the present in-
vention meet all of the these criteria.

The present invention is illustrated by the following
examples. It will be understood, however, that the in-

vention is not limited to the specific details of these:

examples.

GENERAL EXPERIMENTAL PROCEDURE

A test solution was prepared by combining iron (as
FeCl3.6H,0, predissolved in 159 HCI) and an additive
and diluting to 100 g with 159% hydrochloric acid. A
1000 ml Erlenmeyer flask containing 70 g granular
dolomitic limestone (429% MgCO3, minimum assay,
53% CaCOj;, minimum assay) was immersed in an oil
bath set for the test temperature, and into this flask was
poured 100 g of the test solution. To minimize evapora-
tive losses, the flask was capped with a rubber stopper
through which a syringe needle was inserted to allow
for escape of carbon dioxide. Samples withdrawn at

intervals of 1, 2, 3, and 22 hours were passed through
0.22 micron filters, diluted and analyzed for total iron

by atomic absorption spectroscopy and for ferrous iron
by a colorimetric assay using 1,10-phenanthroline.

EXAMPLE 1

To evaluate the relative activity of commonly used
iron control agents, test solutions containing 9.68 g
(0.036 mole) FeCls.6H-0 and an additive in the amount
indicated in Table 1 (page 4) were diluted to 100 g with
15% HCI. Test solutions were treated according to the
General Experimental Procedure described above. For
the matenials listed in Table 1, the amount of iron re-
maining in solution after 24 hours at varous test temper-
atures 1s shown 1n Table 2. Erythorbic acid, ammonium-
2-ketogluconate and 2-ketogluconic acid retained virtu-
ally the entire iron charge in solution after 24 hours at
all temperatures tested. The slight increase in iron found
in higher temperature experiments is likely due to shight
evaporative losses over the 24 hour test period. The
most effective chelating agents were EDTA and NTA,
both of which showed intermediate activity across the
temperature range employed. Iron chelation by citric
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materials showed inferior iron control capabilities rela-
tive to the other substances tested.

6
TABLE 1
CHARGE
ABBRE- WEIGHT MOLES

ADDITIVE VIATION (g) CHARGED
2-Ketogiuconic acid 2-ketoacid 6.95 0.036
Ammonitm Am-2-keto 1.52 0.036
2-ketogluconate
Ethylenediaminete- EDTA 13.61 0.036
traacetic acid
tetrasodium salt |
Citnc acid Citric 6.87 0.036
Nitnilotriacetic acid NTA 6.84 0.036
Sodium gluconate Na Glu 7.81 0.036
Erythorbic acid Ery acid 6.31 0.036

TABLE 2

PPM IRON REMAINING IN SOLUTION
AFTER 22 HOURS

Additive °C. 23° C. 50°C.  70°C. 90° C.
2-Ketoacid 19,300 22,800 23,000 20,900
Am-2-keto 18,700 21,900 21,500 21,300
Ery Acid 20,700 22.900 23,000 24,200
Citric 20,800 12,200 3,600 1,300
EDTA 20,700 18,100 18,300 8,900
NTA 17,300 11,500 15,200 14,000
Na Glu 21,100 0 0 0
Blank 3,300 400 400 300

The mechanism by which additives listed in Table 1
retain iron in solution varies with chemical structure
and with temperature. Erythorbic acid is the most pow-
erful reducing agent tested and is effective in reducing
all iron present at room temperature. Citric acid, so-
dium gluconate, NTA and EDTA are not reducing
agents for iron. Rather, they solubilize ferric iron by
chelation. The 2-ketogluconic acid derivatives solubi-
lize ferric iron at lower temperatures by chelation and
at higher temperatures reduce ferric ion to ferrous ion.
The relative effectiveness of various additives in reduc-
ing ferric iron is indicated in Table 3.

TABLE 3

PERCENT REDUCTION OF FERRIC
ION TO FERROUS ION AFTER 22 HOURS

ADDITIVE °C. 23° C. 50° C. 70° C., 90° C.

2-Ketoacid 10.8 75 B8R 100

Am-2-keto 11.7 81.5 89.2 100

Ery Acid 100 100 0K 100

NTA 1.3 0.7 2.2 2.2
EXAMPLE 2

Iron reduction rate as a function of temperature was
determined using the General Experimental Procedure
and ammonium 2-ketogluconate as a representative

example. The results are set forth in Table 4. The results

show that while virtually no reduction occurs at room
temperature, conversion to ferrous is complete within
24 hours at 50° C. At higher temperatures, the rate is
substantially faster, reduction being complete within 3
hours at 70° C. and within 1 hour at 90° C.

TABLE 4

RATE OF REDUCTION OF FERRIC ION BY
AMMONIUM 2-KETOGLUCONATE
PPM FERROUS JRON

TIME °C. 50°C. - 70" C. 90° C.
0 hour 0 0 ¢
1 hour 935 12,650 23,055
2 hours 1,840 17,665
3 hours 3,335 19,520



5,293,942
7 8
- dia. The exceptional solubility of 2-ketogluconates in
4.
TABLE 4-continued hydrochloric acid solutions is shown in Table 7. The
solubility of 2-ketogluconates, coupled with their ability

RATE OF REDUCTION OF FERRIC ION BY
AMMONIUM 2. KETOGLUCONATE

PPM FERROUS IRON to chelate and reduce ferric ion, as demonstrated above,

TIME °C. 50° C. 70° C. 90" C. s renders them capable of maintaining high levels of iron
4 hours 165 in solution. To demonstrate this effect, the solutions
S hours 5 325 described in Table 8 containing 15% and 20% ammo-
6 hours 6,635 nium 2-ketogluconate and 15% and 20% sodium 2-keto-
22 hours 21,500 20,155 21,530 gluconate were prepared and spent on 70 g of dolomitic

10 lime for 22° hours at 90° C. Analysis of the filtered
liquid showed iron present at 56,000 to 58,000 ppm,

- EXAMPLE 3 - nearly equivalent to the nominal 60,000 ppm charged to
The effect of a molar overcharge on the ability of an  the reaction flask. _ _
additive to control iron was tested using the same con- - By way of contrast, the highest amount of iron that

ditions as in Example 1, except that the amount of addi- 15 could be controlled by NTA was somewhat less than

tive was doubled. The results are set forth in Table 5. At 20,000 ppm and occurred under the conditions _dc-
24 hours, acidizing solutions containing sodium gluco- Wﬁb‘{d n Ex_amplc 3. Attempts to prepare test solutions
nate and NTA showed improved iron control at the  containing higher levels of NTA either could not be
higher additive level, however, those prepared using  made up due to limited solubility or failed to remain

citric did not. EDTA was not soluble beyond the 1:1 20 soluble over the 22 hour test period.

molar ratio and, therefore, not tested at the higher level. TABLE 7
-
In ordet:r t;‘:)‘test the limits ;f 2-ketoglucanates, a greater L T U NATE SOLUBILITY AT 23 C.
amount ol 1ron 1s requirec. - Conc. HCl Additive  Am-2-keto Na-2-keto
TABLE 35 75 5% HCl 46.7% 50.8%
PPM IRON REMAINING IN SOLUTION AFTER 24 HOURS 10% HCI 33.3% 57.87%
(MOLAR RATIO ADDITIVE: IRON = 2:] ;g;’f gg g-g? g;-;gﬁ
. . b * C NE sde /O
ADDITIVE °C. 23* C. 70° C. 90° C. ysar HOl 30.7% 2 1%
2-K etoacid 20,900 21,800 25,700 - 30% HCI 17.2% 4.2%
Am-2-keto 20,500 19,700 23,500 10
Na Glu 21,100 16,800 22,100
Citric 21,600 5,800 1,100
NTA 21,700 22,700 18,400 _________________’MBL_E_._E___________
Blank 3,300 400 300 SOLUBLE FE,
EX- ppm at 22
_ _ 15 AMPLE TEST SOLUTION COMPOSITION HRS
The following two examples are designed to deter- T Ammonum2.ketogluconate 1508 57400
mine how m}l?h iron could be c?ntrollcd by a given FeCl3.6H10 29.1 g
dose of additive and to approximate the maximum 15% HCI 55.9 g
amount of iron that could be controlled in an acidizing b ?cﬂgﬁg;_;ﬂgl-kewslucﬂmtt ig-? g 57,800
. » ., 00 3_ 2 . E
operation by the most effective additives. © 1502 HC 509 g
Sc Sodium-2-ketogluconate 150 g 56,200
EXAMPLE 4 FeCly.6H,0 29.1 g
Dose response profiles for ammonium-2-ketoglucon- 15% HCI ;{-‘5-9 g 500
ate, erythorbic acid, EDTA, and NTA (trisodium salt) 0 Sodum Mhcogloonate  e1e
were determined using the General Experimental Pro- 159, HC 50.9 g

cedure described above. In each experiment 9.68 g of 4°
FeCl3.6H,O were added per 100 g of test solution to
give a nominal 20,000 ppm Fe in the test solution, which EXAMPLE 6
was then spent on dolomitic lime at 90° C. for 24 hours.
The amount of additive was varied between 2% and 8%

on a solids basis. The results, which are set forth in 50
Table 6, indicate that while not as effective as erythor-
bic acid, ammonium 2-ketogluconate is effective at a far
lower concentration than either EDTA or NTA.

TABLE 6

w

PPM (X1000) IRON REMAINING
IN SOLUTION AFTER 24 HOURS
AT 90° C.

ADDITIVE CONC. % _
ADDITIVE 185 20 277 30 370 40 462 50 555 60 647 170 740 80

Iron control was shown to be possible with methyl-2-
ketogluconate. Using the experimental procedure de-
scribed in Example 1 and 7.45 g of methyl-2-ketoglu-
conate as the additive, samples were removed at 1,2,
and 3 hours from flasks incubating at 70° and 90° C. The

Am-2-keto 11.5 15.4 23.6 23.9 21.6 20.7 21.5
NA3INTA 2.30 4.20 6.10 10.2 10.4 13.1 14.2
EDTA 2.10 4.20 4.60 7.40 7.20 8.0 10.1
Erythorbic 24.4 24.4 21.6 26.3 21.3 20.3 20.9
- 65
EXAMPLE 5

samples were filtered and analyzed for both ferrous and
The amount of iron controlled by some additives is - total iron. The results are set forth in Table 9. While the
limited by relatively low solubility in the acidizing me- data shows excellent iron control over the three hour
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test period, a sludge formed overnight and in neither
case could soluble iron be determined at 22 hours.

TABLE 9

IRON CONTROL USING METHYL-2-KETOGLUCONATE

Soluble Iron (ppm)

70° C. 90° C.
Time, Hrs. Felll  Fell Fe III Fe II
1 20,700 10,000 22,400 22.100
2 18,800 13,500 21,700 22.100
3 21,900 15,500 22 .000 22,100
We claim:

1. A method of preventing the precipitation of an iron
(II) salt or iron (III) salt from an acid or acid solution
containing said salt, comprising dissolving in said acid
or acid solution a substance selected from the group
consisting of 2-keto acids, salts of a 2-keto acid, esters of
a 2-keto acid, 2,5-diketo acids, salts of a 2,5 diketo acid
and esters of a 2,5-diketo acid, wherein said keto and
diketo acids, salts and esters are derived from an aldo-
hexose or an aldopentose.

2. A method of acidizing an oil well comprising forc-
ing into the oil well formation an acid or acid solution
having dissolved in it a substance selected from the
group consisting of 2-keto acids, salts of a 2-keto acid,
esters of a 2-keto acid, 2,5-diketo acids, salts of a 2,5
diketo acid and esters of a 2,5-diketo acid, wherein said
keto and diketo acids, salts and esters are derived from
an aldohexose or an aldopentose.

3. A method of maintaining the dissolution of an iron
(1I) salt or an iron (1I) salt under oil well acidizing
conditions, comprsing forcing into an oil well forma-
tion an acid or acid solution having dissolved in it a
substance selected from the group consisting of 2-keto
acids, saits of a 2-keto acid, esters of a 2-keto acid, 2,5-
diketo acids, salts of a 2,5 diketo acid and esters of a
2,5-diketo acid, wherein said keto and diketo acids, salts
and esters are denived from an aldohexose or an aldo-
pentose.

4. A method of chelating ferric ion which is dissolved
in an acid or acid solution under oil well acidizing con-
ditions, comprising dissolving in said acid or acid solu-
tion prior to forcing said acid or acid solution into the
oil well formation a substance selected from the group
consisting of 2-keto acids, salts of a 2-keto acid, esters of
a 2-keto acid, 2,5-diketo acids, salts of a 2,5-diketo acid
and esters of a 2,5-diketo acid, wherein said keto and
diketo acids, salts and esters are derived from an aldo-
hexose or an aldopentose, and then forcing said solution
into said formation.

5. A method of reducing ferric ion which is dissolved
in an acid or acid solution under oil well acidizing con-
ditions, comprising dissolving in said acid or acid solu-
tion prior to forcing said acid or acid solution into the
o1l well formation, a substance selected from the group
consisting of 2-keto acids, salts of a 2-keto acid, esters of
a 2-keto acid, 2,5-diketo acids, salts of a 2,5-diketo acid
and esters of a 2,5-diketo acid, wherein said keto and
diketo acids, salts and esters are derived from an aldo-
hexose or an aldopentose, and then forcing said solution
into said formation.

6. A method according to claim 1, wherein said sub-
stance 1s a compound or salt having the formula
CH,OH(CHOH),,COOR! or (CH;OH(CHOH)-
mCOO—),R2, respectively, whereinmis3or4,nis 1 or
2, Rlis selected from the group consisting of hydrogen
and (C1-Cg) alkyl, and R? is selected from the group
consisting of the alkali metal cations, the alkaline earth
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metal cations and +NHR3R4R3, wherein R3, R4and R3
are selected from the group consisting of hydrogen and
(C1-C¢) alkyl, and wherein either one or two of the
~—CHOH~ groups that comprise the (CHOH),,, por-
tion of the compound or salt is replaced by a

O

|
—.C_

group to form, respectively, a 2-keto or 2,5-diketo acid,
ester or salt, with the proviso that n is 1 when R21is an
alkali metal cation or an ammonium cation and n is 2

‘when R¢Zis an alkaline earth metal cation.

7. A method according to claim 2, wherein said sub-
stance is a compound or salt having the formula
CH,OH(CHOH),COOR! or (CHO0H(CHOH)-
mCOO~),R2, respectively, whereinmis3or4,nis 1 or
2, Rlis selected from the group consisting of hydrogen
and (Ci-C¢) alkyl, and R2 is selected from the group
consisting of the alkali metal cations, the alkaline earth
metal cations and +/VHR3R4RS, wherein R3, R4 and R?
are selected from the group consisting of hydrogen and
(C1-Cs) alkyl, and wherein either one or two of the
—CHOH- groups that comprise the (CHOH),, por-
tion of the compound or salt is replaced by a

O
|
—

group to form, respectively, a 2-keto or 2,5-diketo acid,
ester or salt, with the proviso that n is 1 when R2is an
alkali metal cation or an ammonium cation and n is 2
when R is an alkaline earth metal cation.

8. A method according to claim 3, wherein said sub-
stance 1s a compound or salt having the formula
CH,OH(CHOH),,COOR! or (CH;OH(CHOH)-
mCOO-),R2, respectively, whereinmis3or4,nis 1 or
2, Rlis selected from the group consisting of hydrogen
and (C1~Cg¢) alkyl, and R? is selected from the group
consisting of the alkali metal cations, the alkaline earth
metal cations and *NHR?R4R5, wherein R3, R4and R>
are selected from the group consisting of hydrogen and
(C1-C¢) alkyl, and wherein either one or two of the
—CHOH-— groups that comprise the (CHOH),, por-
tion of the compound or salt is replaced by a

O
.
—C—

group to form, respectively, a 2-keto or 2,5-diketo acid,
ester or salt, with the proviso that n is 1 when R2is an
alkali metal cation or an ammonium cation and n is 2
when R?Zis an alkaline earth metal cation.

9. A method according to claim 4, wherein said sub-
stance is a compound or salt having the formula
CH,OH(CHOH),,COOR! or (CH,OH(CHOH)-
mCOO—),R2, respectively, whereinmis3or4,nis 1 or
2, Rlis selected from the group consisting of hydrogen
and (C1-Cg) alkyl, and R? is selected from the group
consisting of the alkali metal cations, the alkaline earth
metal cations and + NHR3R4R5, wherein R3, R4and R?
are selected from the group consisting of hydrogen and
(C1-Ce¢) alkyl, and wherein either one or two of the
—CHOH— groups that comprise the (CHOH),, por-
tion of the compound or salt is replaced by a
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group to form, respectively, a 2-keto or 2,5-diketo acid,
ester or salt, with the proviso that n is 1 when R2is an
alkali metal cation or an ammonium cation and n 1s 2
when RZis an alkaline earth metal cation.

10. A method according to claim §, wherein said
substance is a compound or salt having the formula
CH;OH(CHOH),,COOR! or (CH,OH(CHOH)-
mCOO~),R2, respectively, whereinmis3or4,nis 1 or
2, R1lis selected from the group consisting of hydrogen
and (C1-C¢) alkyl, and R? is selected from the group
consisting of the alkali metal cations, the alkaline earth
metal cations and *NHR3R4R5, wherein.R3, R4and RS
are selected from the group consisting of hydrogen and
(C1-C¢) alkyl, and wherein either one or two of the
—CHOH-— groups that comprise the (CHOH)n, por-
tion of the compound or salt 1s replaced by a

O

I
—C-—-

group to form, respectively, a 2-keto or 2,5-diketo acid,
ester or salt, with the proviso that n is 1 when R2is an
alkali metal cation or an ammonium cation and n 1s 2
when R? is an alkaline earth metal cation.

11. A method according to claim 6, wherein said
substance is selected from the group consisting of 2-
ketogluconic acid and 2-ketogluconates.

12. A method according to claim 7, wherein said
substance s selected from the group consisting of 2-
ketogluconic acid and 2-ketogluconates.

13. A method according to claim 8, wherein said
substance is selected from the group consisting of 2-
ketogluconic acid and 2-ketogluconates.

14. A method according to claim 9, wherein said
substance is selected from the group consisting of 2-
ketogluconic acid and 2-ketogluconates. |
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15. A method according to claim 10, wherein said
substance is selected from the group consisting of 2-

ketogluconic acid and 2-ketogluconates.

16. A method according to claim 11,
substance 1s 2-ketogluconic acid.

17. A method according to claim 11,
substance is ammonium 2-ketogluconate.

18. A method according to claim 11,
substance is sodium 2-ketogluconate.

19. A method according to claim 12,
substance is 2-ketogluconic acid.

20. A method according to claim 12,
substance is ammonium 2-ketogluconate.

21. A method according to claim 12,

substance is sodium 2-ketogluconate.

22. A method according to claim 13,
substance is 2-ketogluconic acid.

23. A method according to claim 13,
substance is ammonium 2-ketogluconate.

24. A method according to claim 13,
substance is sodium 2-ketogluconate.

25. A method according to claim 14,
substance is 2-ketogluconic acid.

26. A method according to claim 14,
substance is ammonium 2-ketogluconate.,

27. A method according to claim 14,
substance is sodium 2-ketogluconate.

28. A method according to claim 18§,
substance is 2-ketogluconic acid.
- 29. A method according to claim 18,
substance is ammonium 2-ketogluconate.

30. A method according to claim 18,
substance is sodium 2-ketogluconate.
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31. A method according to claim 2, wherein the o1l
well acidizing technique employed is matrix acidizing.
32. A method according to claim 3, wherein the oil
well acidizing technique employed is matrix acidizing.
33. A method according to claim 4, wherein the oil
well acidizing technique employed is matrix acidizing.
-34. A method according to claim §, wherein the oil
well acidizing technique employed is matrix acidizing.
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